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(54) ADJUSTING METHOD FOR SHEET RESISTANCE VALUE OF TRANSPARENT 
CONDUCTIVE FILM AND FORMING METHOD FOR TRANSPARENT CONDUCTIVE FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for simply and efficiently adjusting the sheet 
resistance value of a transparent conductive sheet and a method for easily forming a conductive 
film having high visible light transmissivity and uniform film quality at a good yield. 
SOLUTION: The adjusting methods include a method (1) for adjusting the sheet resistance value of 
a transparent conductive film which includes a process of heat-treating the transparent conductive 
film in the presence of an organic solvent having a prescribed concentration, and a method (2) for 
adjusting the seat resistance value of transparent conductive film which includes a process of 
forming a transparent conductive film on a substrate directly or via another film and a process of 
heat-treating the transparent conductive film in the presence of an organic solvent having 
prescribed concentration. The forming method comprises a method (3) for forming the transparent 
conductive film includes a process of forming a transparent conductive film on a base directly or 
via another film and a process of heat-treating the transparent conductive film in the presence of 
the organic solvent having the prescribed concentration. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The adjustment approach of the sheet resistance of the transparence electric conduction 
film of having the process which heat-treats the transparence electric conduction film under 
existence of the organic solvent of predetermined concentration. 

[Claim 2] The adjustment approach of the sheet resistance of the transparence electric conduction 
film of having the process which forms the transparence electric conduction film through the film of 
direct or others on a substrate, and the process which heat-treats said transparence electric 
conduction film under existence of the organic solvent of predetermined concentration. 
[Claim 3] The process which forms said transparence electric conduction film is the adjustment 
approach of the sheet resistance of the transparence electric conduction film according to claim 2 
of having the process which forms the transparence electric conduction film by the sputtering 
technique, the electron beam method, the ion plating method, or chemical vapor deposition (CVD 
method). 

[Claim 4] The adjustment approach of the sheet resistance of the transparence electric conduction 
film according to claim 1 or 2 using the organic solvent which has the operation which returns said 
transparence electric conduction film by the pyrolysis as said organic solvent. 

[Claim 5] The process which heat-treats said transparence electric conduction film under existence 
of the organic solvent of predetermined concentration is the adjustment approach of the sheet 
resistance of the transparence electric conduction film according to claim 1 or 2 of having the 
process which heat-treats said transparence electric conduction film at 100-800 degrees C under 
existence of the organic solvent of predetermined concentration. 

[Claim 6] The process which heat-treats said transparence electric conduction film under existence 
of the organic solvent of predetermined concentration is the adjustment approach of the sheet 
resistance of the transparence electric conduction film according to claim 1 or 2 of having the 
process which adjusts the sheet resistance of said transparence electric conduction film to 
200-3000ohms / **, by heat-treating said transparence electric conduction film under existence of 
the organic solvent of predetermined concentration. 

[Claim 7] Said transparence electric conduction film is the adjustment approach of the sheet 
resistance of the transparence electric conduction film according to claim 1 or 2 which is zinc oxide 
film with which the indium oxide film (ITO film) with which tin was doped, the tin-oxide film (FTO 
film) with which the fluorine was doped, the zinc oxide film with which antimony was doped, or an 
indium was doped. 

[Claim 8] Said radical transparence electric conduction film is the adjustment approach of the sheet 
resistance of the transparence electric conduction film according to claim 1 or 2 which is 
transparence electric conduction film whose thickness is 10-25nm. 
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[Claim 9] Said substrate is the adjustment approach of the sheet resistance of the transparence 
electric conduction film according to claim 2 which is a glass substrate. 
[Claim 10] The process which heat-treats said transparence electric conduction film under 
existence of the organic solvent of predetermined concentration is the adjustment approach of the 
sheet resistance of the transparence electric conduction film according to claim 1 or 2 of having the 
process in which a linearity value forms less than **2% of transparence electric conduction film, by 
heat-treating said transparence electric conduction film under existence of the organic solvent of 
predetermined concentration. 

[Claim 1 1] The formation approach of the transparence electric conduction film of having the 
process which forms the transparence electric conduction film through the film of direct or others 
on a substrate, and the process which heat-treats said transparence electric conduction film under 
existence of the organic solvent of predetermined concentration. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the adjustment approach of the sheet resistance of 
the transparence electric conduction film of adjusting the transparence electric conduction film to 
predetermined sheet resistance by heat-treating under existence of the organic solvent of 
predetermined concentration, and the formation approach of the transparence electric conduction 
film. 
[0002] 

[Description of the Prior Art] Transparence electric conduction film, such as zinc oxide film with 
which the indium oxide film (ITO film) with which tin was doped, the tin-oxide film (FTO film) with 
which the fluorine was doped, the zinc oxide film with which antimony was doped, and an indium 
were doped, is widely used for a liquid crystal display, the electroluminescence display, the field 
heating element, the touch panel electrode, the solar battery, etc. using the outstanding 
transparency and conductivity. 

[0003] Since these transparence electric conduction film is what is used in a field large in this way, 
what has various sheet resistance and transparencies by the purpose of use is required. For 
example, in the case of transparence electric conduction film for flat-panel displays, the 
transparence electric conduction film for touch panels requires high resistance and the film of high 
transmission for the thing of low resistance and high transmission, respectively. It is called for that 
the transparence electric conduction film for pen input touch panels with which it is developed 
especially in recent years, and the elongation of a commercial scene is expected is film which whose 
sheet resistance is high resistance, such as 200-3000ohm/**, and was excellent in the homogeneity 
of resistance since a high location recognition precision is required. Here, sheet resistance is a value 
calculated by the thickness of specific resistance / electric conduction film. 

[0004] There is a linearity trial as an approach of evaluating the homogeneity of the resistance of 
this transparence electric conduction film. This approach produces the electrode of low resistance 
with a silver paste etc. to two sides which the transparence electric conduction film faced, and 
impresses the direct current of 1-10V between two electrodes. If spacing of two electrodes is set to 
D, applied voltage is set to V and the electrode and the potential difference of a point of d and 
minus are set to v for the distance from the electrode of minus about the point of the arbitration of 
the transparence electric conduction film at this time, x(d/D-v/V) 100 will be defined as a linearity 
value (%). 

[0005] Moreover, a linearity value is an amount which defines the gap with a location and the 
location calculated from the detected potential difference, and the touch panel manufactured in 
order to recognize an alphabetic character and a graphic form usually requires less than **2% of 



10 



8/2/2006 12:07 PM 



2002-133956,A [DETAILED DESCRIPTION] 



http://www4Jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



electric conduction film for the linearity value. 

[0006] In the approach of carrying out (A) acid treatment as an approach of forming the 
electric-conduction film which has desired resistivity conventionally, the approach of carrying out 
(B) light exposure, the approach of processing in (C) reduction-ambient atmosphere, the approach of 
processing in a (D) oxidation-ambient atmosphere, the method of changing the thickness of the (E) 
electric-conduction film, and the membrane-formation approach of the (F) ITO film, the method of 
changing the amount of tin dopes etc. is learned. 

[0007] As an approach to carry out acid treatment of the (A), after obtaining the electric conduction 
film of indium oxide with vacuum evaporation technique, the manufacturing method of the 
transparence electric conduction film characterized by carrying out acid treatment of this film is 
indicated by JP,47-84717 f A, for example. 

[0008] As an approach to carry out the optical exposure of the (B), after making the coat which 
contains indium oxide etc. by applying and calcinating the organic solvent liquid containing an indium 
compound etc. form on a heat-resistant substrate, air is intercepted to JP,61-261234,A and the 
manufacture approach of the transparence electric conduction film adhesion substrate which 
irradiates the light of two or more 30 mW/cm reinforcement is indicated, for example. And by 
processing in this way, the transparent conductive film with low electric resistance is formed. 
Moreover, after forming the electric conduction film on a substrate, ultraviolet rays, a visible ray, or 
infrared radiation is irradiated at this electric conduction film, and the method of adjusting the 
resistance of the electric conduction film is indicated by JP,63-314714,A and JP,63-314715,A. 
[0009] The method of processing the electric-conduction film under the reduction-ambient 
atmosphere of (C) is the transparent electrode formation approach of applying to a substrate the 
transparent electrode formation liquid which contains an organometallic compound, an organic 
binder, and a solvent in JP,60-243280,A, and mainly calcinating it for the purpose of the reduction in 
resistance of the electric-conduction film, and the transparent electrode formation approach of 
oxygen performing the first half of baking under abundant ambient atmospheres, and performing the 
second half under the scarce ambient atmosphere of oxygen is indicated. Moreover, the compound 
solution which forms the oxide system transparence electric conduction film in JP,61-261236,A by 
pyrolyzing is applied to a base material, and the formation approach of the transparence electric 
conduction film which carries out baking pyrolysis of this compound at the temperature of 500 
degrees C or less is indicated among the inert gas ambient atmosphere which contains hydrogen 
below 2 capacity % after desiccation at the temperature of 200 degrees C or less. Furthermore, after 
applying on a substrate the coating liquid which dissolved the organic indium compound and the 
organic tin compound in the solvent and pyrolyzing the above-mentioned organic compound, to 
JP,63-1641 17,A, it heat-treats in the ambient atmosphere which added the moisture more than 0.6 
volume %, and the formation approach of the transparence electric conduction film heated and 
returned in a reduction-ambient atmosphere is indicated. 

[0010] As an approach of processing in the oxidation-ambient atmosphere of (D), in the approach of 
covering the transparent electric conduction film with a vacuum deposition method to a glass 
substrate, the coat which contains 10 - 40% of stannic oxide in a glass substrate by weight to indium 
oxide with a vacuum deposition method with a room temperature is made to form in JP,46-86730,A, 
and the formation approach of the transparent conductive glass oxidized by subsequently 
heat-treating this substrate at 300-600 degrees C in an oxygen ambient atmosphere is indicated, for 
example. 

[001 1] Moreover, the membrane formation approach of the ITO film further cooled under an oxygen 
ambient atmosphere is indicated by JP,6-135742,A and the publication-number No. 224374 official 
report after the membrane formation approach of the ITO film which forms the amount of dopes of 
tin at 0.05 - 2.0%, or 10 - 40% to an indium, and is heat-treated at 200 degrees C or more in an 
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oxygen ambient atmosphere, and this heat-treatment. 

[0012] The approach of (E) is an approach currently most ordinarily performed from the former. 
Sheet resistance = since it is specific resistance/thickness, in order to obtain the low electric 
conduction film of sheet resistance, the electric conduction film of thickness good [ generally / in 
the electric conduction film of thick thickness ] formation ****** and thin for obtaining the high 
electric conduction film of sheet resistance conversely must be formed. 

[0013] As an approach of changing the amount of tin dopes of (F) and controlling the resistance of 
the ITO film, the approach indicated by said JP,6~135742,A and the publication-number No. 224374 
official report is learned. 
[0014] 

[Problem(s) to be Solved by the Invention] Among the above-mentioned approaches, the approach 
of (A) has a possibility that an electric conduction film front face may receive a damage with an acid, 
and purified water washes it after washing by the acid, the process to dry is further needed and it 
becomes complicated processing operating it. The approach of (B) triggers the oxidation reaction by 
generating of ozone, or needs a light irradiation device separately. Since the approach of (C) is what 
the oxygen density at the time of baking and membrane formation is changed, or calcinates under an 
inert gas ambient atmosphere, it is difficult to perform baking and membrane formation simple. 
[0015] Although the approach of processing in the oxidation-ambient atmosphere of (D) is 
convenient for forming the electric conduction film into high resistance, it is not suitable to obtain 
the electric conduction film of low resistance. Moreover, even if it is the case where he wants to 
obtain the electric conduction film of high resistance, it is difficult to form the electric conduction 
film which resistance may become high too much by small change of an oxygen density, burning 
temperature, etc., and has desired resistance. 

[0016] According to the approach of changing the thickness of the electric conduction film of (E), it 
may be difficult to form the transparence electric conduction film which it is necessary to thicken 
thickness to lower resistance, and there is a limitation also in thickening thickness, and has 
homogeneity and high visible-ray permeability. On the other hand, when you want to raise resistance 
(for example, when you want to obtain the electric conduction film which has the sheet resistance of 
200-3000ohms / **), it is necessary to set thickness to 1nm - about 30nm but, and in this case, 
since thickness is thin, it is difficult [ it ] to control thickness to homogeneity. 
[0017] Moreover, the membrane formation approach of the ITO film to which the amount of tin 
dopes of (F) is changed is the approach of mainly forming the ITO film of high resistance, and is used 
on the occasion of membrane formation of the ITO film combining heat-treatment at the 
temperature of 200 degrees C or more under an oxygen ambient atmosphere. 
[0018] Thus, it was difficult to form desired resistance and transparence electric conduction film 
especially which is high resistance comparatively and was excellent in homogeneity, such as 
100-3000ohm/**, simple by the formation approach of the conventional transparence electric 
conduction film. 

[0019] This invention makes it a technical problem to offer the approach of being made in view of 
this actual condition, and having a method of adjusting the sheet resistance of the transparence 
electric conduction film to desired sheet resistance simply and efficiently, and high visible-ray 
permeability, and forming the transparence electric conduction film of uniform membraneous quality 
with the simply and sufficient yield. 
[0020] 

[Means for Solving the Problem] That said technical problem should be solved, as a result of 
inquiring wholeheartedly, by heat-treating the transparence electric conduction film under existence 
of the organic solvent of predetermined concentration, this invention persons find out that the 
transparence electric conduction film can be adjusted to desired resistance very simple, and came 
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[0021] That is, this invention provides the 1st with the adjustment approach of the sheet resistance 
of the transparence electric conduction film of having the process which heat-treats the 
transparence electric conduction film under existence of the organic solvent of predetermined 
concentration. 

[0022] This invention offers the adjustment approach of the sheet resistance of the transparence 
electric conduction film of having the process which forms the transparence electric conduction film 
through the film of direct or others the 2nd on a substrate, and the process which heat-treats said 
transparence electric conduction film under existence of the organic solvent of predetermined 
concentration. 

[0023] Moreover, this invention offers the formation approach of the transparence electric 
conduction film of having the process which forms the transparence electric conduction film through 
the film of direct or others the 3rd on a substrate, and the process which heat-treats said 
transparence electric conduction film under existence of the organic solvent of predetermined 
concentration. 

[0024] In said 1st [ the ] - the 3rd invention, the zinc oxide film with which the indium oxide film 
(ITO film) with which tin was doped, the tin-oxide film (FTO film) with which the fluorine was doped, 
the zinc oxide film with which antimony was doped, and an indium were doped as said transparence 
electric conduction film can be illustrated preferably. Moreover, as for the thickness of this 
transparence electric conduction film, it is desirable that it is 10-25nm. 

[0025] As for the process which forms said transparence electric conduction film, in said 1st [ the ] 
- the 3rd invention, it is desirable to form the transparence electric conduction film by the 
membrane formation approach of either a sputtering technique, an electron beam method, the ion 
plating method or chemical vapor deposition (CVD method). 

[0026] In said 1st [ the ] - the 3rd invention, as for the process which heat-treats said 
transparence electric conduction film under existence of the organic solvent of predetermined 
concentration, it is desirable to have the process which heat-treats said transparence electric 
conduction film at 100-800 degrees C under existence of the organic solvent of predetermined 
concentration, and it is more desirable to have the process heat-treated at 300-500 degrees C. 
[0027] As for the process which heat-treats said transparence electric conduction film under 
existence of the organic solvent of predetermined concentration, in said 1st [ the ] - the 3rd 
invention, it is desirable by heat-treating said transparence electric conduction film under existence 
of the organic solvent of predetermined concentration to have the process which adjusts the sheet 
resistance of said transparence electric conduction film to 200-3000ohms / **. 
[0028] As for the process which heat-treats said transparence electric conduction film under 
existence of the organic solvent of predetermined concentration, in said 1 st [ the ] - the 3rd 
invention, it is desirable by heat-treating said transparence electric conduction film under existence 
of the organic solvent of predetermined concentration to have the process in which a linearity value 
forms less than **2% of transparence electric conduction film. Moreover, it is desirable to use the 
organic solvent which has the operation which returns said transparence electric conduction film as 
said organic solvent. 

[0029] Furthermore, in said 2nd or 3rd invention, it is desirable to use a glass substrate as said 
substrate. Moreover, said 3rd invention can also completely carry out these two processes 
separately, and can also be carried out continuously. 

[0030] According to the adjustment approach of the sheet resistance of the 1st and the 
transparence electric conduction film the 2nd invention, the sheet resistance of this transparence 
electric conduction film can be adjusted and set as desired resistance by simple actuation of 
heat-treating under existence of an organic solvent. 
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[0031] Moreover, according to the formation approach of the transparence electric conduction film 
which is the 3rd invention, the transparence electric conduction film which has the sheet resistance 
of a request of the transparence electric conduction film which has predetermined resistance of 
efficient and very simple and uniform membraneous quality (that is, it excelled in linearity) can be 
formed by combining the process which forms the transparence electric conduction film, and the 
process which heat-treats said transparence electric conduction film under existence of the organic 
solvent of predetermined concentration. 
[0032] 

[Embodiment of the Invention] The process at which this invention forms the transparence electric 
conduction film through the film of direct or others on the adjustment approach of the sheet 
resistance of the transparence electric conduction film of having the process which heat-treats (1) 
transparence electric conduction film under existence of the organic solvent of predetermined 
concentration, and (2) substrates as mentioned above, The adjustment approach of the sheet 
resistance of the transparence electric conduction film of having the process which heat-treats said 
transparence electric conduction film under existence of the organic solvent of predetermined 
concentration, and the process which forms the transparence electric conduction film through the 
film of direct or others on (3) substrates, It is the formation approach of the transparence electric 
conduction film of having the process which heat-treats said transparence electric conduction film 
under existence of the organic solvent of predetermined concentration. 

[0033] As transparence electric conduction film made into the object of transparence electric 
conduction film this invention, the zinc oxide film with which the indium oxide film (ITO film) with 
which tin was doped, the tin-oxide film (FTO film) with which the fluorine was doped, the zinc oxide 
film with which antimony was doped, the zinc oxide film with which the indium was doped, and 
aluminum were doped can be mentioned, for example. As for said transparence electric conduction 
film, also in these, it is desirable that it is especially the ITO film. 

[0034] Although the thickness of these transparence electric conduction film changes with 
applications, when it is the transparence electric conduction film whose sheet resistance it is around 
30nm and is 200-3000ohms / ** extent when it is the transparence electric conduction film whose 
sheet resistance it is 80nm or more and is 60-200ohms / ** extent when sheet resistance is 
generally the transparence electric conduction film below 30ohms / **, it is usually about 10-25nm. 
[0035] Although there will be especially no limit if it is the approach of forming the transparence 
electric conduction film on a substrate as an approach of forming the transparence electric 
conduction film, a sputtering technique, an electron beam method, the ion plating method, or 
chemical vapor deposition (CVD method) is mentioned, for example. 

[0036] According to the sputtering technique, the transparence electric conduction film can be 
formed by using the thing which made the mixture of metals (an indium, zinc, etc.) and the metal (tin, 
a fluorine, a fluorine compound, aluminum) doped and oxygen gas, or a metallic oxide (indium oxide, 
zinc oxide) sinter as a target. Moreover, according to an electron beam method or the ion plating 
method, said transparence electric conduction film can be formed by using the thing which made the 
mixture of metals (an indium, zinc, etc.) and the metal (tin, a fluorine, a fluorine compound, aluminum) 
doped and oxygen gas, or a metallic oxide (indium oxide, zinc oxide) sinter as evaporation matter. 
[0037] When forming the ITO film, an indium compound and a tin compound can be used as a 
membrane formation raw material. What pyrolyzes and becomes indium oxide as an indium compound 
is desirable. As this indium compound, for example, indium tris acetylacetonato (In3 
(CH3COCHCOCH3)), indium tris benzoyl METANETO (In3 (C6H5COCHCOC6H5)), the indium 1 1 1 
trichloride (InCI3), a nitric-acid indium (In3 (N03)), indium TORIISO propoxide (In3 (OPri)), etc. can 
be illustrated. Especially indium tris acetylacetonato can be used preferably among these. 
[0038] Moreover, what pyrolyzes and becomes stannic oxide as a tin compound can be used 
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preferably. As this tin compound, for example, the 2nd tin of chlorination, dimethyl tin dichloride, 
dibutyltin dichloride, tetrabuthyl tin, SUTANIASU octoate (Sn2 (OCOC7H15)), dibutyltin maleate, 
dibutyl SUZUZU acetate, dibutyltin bisacetylacetonate, etc. can be mentioned. 

[0039] It adds to said indium compound and a tin compound. In addition, as the 3rd component The 
3rd group elements, such as the 2nd group elements of the periodic table, such as Mg, calcium, Sr, 
and Ba, and Sc, Y, The 4th group elements, such as lanthanoidses, such as La, Ce, Nd, Sm, and Gd, 
and Ti, Zr, Hf, The 7th group elements, such as the 6th group elements, such as the 5th group 
elements, such as V, Nb, and Ta, and Cr, Mo, W, and Mn, The 11th group elements, such as the 10th 
group elements, such as the 9th group elements, such as Co, and nickel, Pd, Pt, and Cu, Ag, It is 
also desirable to add simple substances or these compounds, such as the 15th group elements, such 
as the 14th group elements, such as the 13th group elements, such as the 12th group elements, 
such as Zn and Cd, and B, aluminum, Ga, and Si, germanium, Pb, and P, As, Sb, and Se, Te, and to 
form the ITO film. [, such as the 16th group element, ] 

[0040] The addition rate of these elements has desirable 0.05 - 20 atom % extent to an indium, and 
with an alloying element, addition rates can differ and can select suitably the element and addition 
which suited the target resistance. 

[0041] As for said ITO film, it is desirable especially to form on a substrate with the ordinary 
pressure CVD method (the metal fog method) by ultrasonic atomization. In actually forming the ITO 
film by the metal fog method, more than a kind is mixed at a predetermined rate, and it uses the 
thing of the indium compound listed upwards and a tin compound dissolved in the suitable organic 
solvent as a membrane formation ingredient, respectively. 

[0042] As this organic solvent, aliphatic hydrocarbon, such as aromatic hydrocarbon, such as ether 
system solvents, such as ester solvent, such as alcoholic solvent, such as ketone solvent, such as 
an acetylacetone, an acetone, methyl isobutyl ketone, and a diethyl ketone, a methanol, ethanol, 
propanol, isopropanol, and a butanol, ethyl acetate, and butyl acetate, methyl Cellosolve, and a 
tetrahydrofuran, benzene, toluene, and a xylene, a hexane, a heptane, an octane, and a cyclohexane, 
can be mentioned. 

[0043] Subsequently, a substrate is installed in the membrane formation interior of a room of metal 
fog membrane formation equipment, and it heats to the about temperature in which said indium 
compound and a tin compound cause a pyrolysis, and can form indium oxide and stannic oxide in air, 
for example, 300-800 degrees C. Furthermore, the ITO film can be formed by making the organic 
solution containing said indium compound and a tin compound atomize with a supersonic wave, and 
introducing into said membrane formation interior of a room. 

[0044] Although there will be especially no limit if the organic solvent used at a back process has 
thermal resistance as a substrate used for substrate this invention at the temperature which causes 
a pyrolysis, a glass substrate, a ceramic substrate, a metal substrate, etc. can be mentioned, for 
example. It is [ among these ] desirable to use a glass substrate in this invention. As a glass 
substrate, silicic-acid glass (quartz glass), silicic-acid alkali glass, soda lime glass, potash lime glass, 
lead glass, barium glass, borosilicate glass, etc. can be mentioned, for example. 
[0045] Moreover, other film can also be made to intervene between said substrate and said 
transparence electric conduction film in this invention. As this film, an oxidation silicone film, the 
polysilane film formed from an organic polysilane compound, MgF2 film, CaF2 film, the multiple oxide 
film of Si02 and Ti02, etc. can be mentioned, for example. 

[0046] These film is formed for diffusion prevention of Na ion in the case of using SODA glass as a 
substrate. Moreover, acid resisting or transparency can also be raised by forming the different 
refractive index and the different desirable substrate film of a low refractive index from the 
transparence electric conduction film. Thickness can form these film by about 20-200nm with the 
membrane formation approach generally learned, for example, a sputtering technique, a CVD method, 



10 



8/2/2006 12:07 PM 



2002-133956,A [DETAILED DESCRIPTION] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejj( 



a spray method, a dip method, etc. 

[0047] Although it changes with classes of organic solvent which uses the transparence electric 
conduction film as whenever [ stoving temperature / in the case of heat-treating under existence of 
the organic solvent of predetermined concentration ] etc., 100-800 degrees C is usually 300-500 
degrees C preferably. 

[0048] If it is the organic compound which has vapor pressure in ordinary temperature and is 
pyrolyzed at suitable temperature as an organic solvent which can be used for this process, there 
will be especially no limit. As this organic organic solvent, a methanol, ethanol, propanol, isopropanol, 
a butanol, an acetylacetone, etc. can be mentioned, for example. 

[0049] The class and addition of these organic solvents can be suitably defined by heating time etc. 
depending on the set point of the sheet resistance of said transparence electric conduction film 
whenever [ class / of transparence electric conduction film /, thickness / of the transparence 
electric conduction film /, class / of organic solvent to be used /, and stoving temperature ]. For 
example, sheet resistance can be made lower by making other conditions the same and adding so 
much the organic solvent which is easier to pyrolyze. 

[0050] Heat-treatment is performed by heating making the organic solvent of predetermined 
concentration atomize and introducing into the heat-treatment interior of a room, after installing the 
substrate in which the electric conduction film was formed in the heat-treatment interior of a room. 
[0051] Although whenever [ stoving temperature ] is enough if it is beyond temperature required for 
the organic solvent used to react with the oxidation components in the transparence electric 
conduction film (oxygen etc.), and for oneself oxidize, 100-800 degrees C is usually more preferably 
set as the temperature of the range of 300-500 degrees C. When using the organic solvent of 
reducibility, by this heat-treatment, the transparence electric conduction film is returned and that 
sheet resistance becomes small. 

[0052] It can consider as the transparence electric conduction film which has desired sheet 
resistance by choosing and setting up suitably whenever [ class / of organic solvent used as 
mentioned above /, addition, and stoving temperature ]. 

[0053] It was difficult to adjust the sheet resistance of the transparence electric conduction film to 
a predetermined value conventionally, especially to reduce sheet resistance to a predetermined 
value at a predetermined value. Moreover, down stream processing complicated in needing special 
equipment, even if it is able to compare and adjust was required. 

[0054] According to this invention, the sheet resistance of the transparence electric conduction film 
can be adjusted to a predetermined value simple and efficiently that what is necessary is not to 
need other special equipments, such as a light irradiation device, and acid cleaning equipment, a 
dryer, and not to make the processing interior of a room into a vacuum system, or not to make it an 
inert gas ambient atmosphere, to introduce an organic solvent in a system and just to heat-treat it. 
[0055] 

[0056] Moreover, sheet resistance can be adjusted to a predetermined value only by adding the 
organic solvent of the specified quantity in a system at the time of a cooling process, without newly 
heat-treating, since the film front face is fully held at the elevated temperature in forming the 
transparence electric conduction film at an elevated temperature and adjusting sheet resistance 
continuously. 

[0057] According to this invention, the transparence electric conduction film which has the sheet 
resistance of a request of the transparence electric conduction film which has predetermined 
resistance of efficient and very simple and uniform membraneous quality (that is, it excelled in the 
linearity whose linearity value is less than **2%) can be formed by combining the process which 
forms the transparence electric conduction film, and the process which heat-treats said 
transparence electric conduction film under existence of the organic solvent of predetermined 
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concentration. 

[0058] Since especially this invention can be preferably applied to forming the ITO film etc. with the 
ordinary pressure CVD method (the metal fog method) by ultrasonic atomization and can be 
continuously heat-treated on the same Rhine, it is what also has a desirable working efficiency top. 
[0059] Moreover, according to the formation approach of the transparence electric conduction film 
of this invention, the electric conduction film excellent in high visible-ray transmission and linearity 
can be formed. 
[0060] 

[Example] Next, an example explains this invention to a detail further. 

With example 1 spatter or the ordinary pressure CVD method (the metal fog method) by ultrasonic 
atomization, various thickness (100-300A) as shown in the 1st table of the following, and the ITO 
film of sheet resistance (200-2000ohm/**) were formed on the glass substrate. 
[0061] Subsequently, this glass substrate with the ITO film was installed in the heat-treatment 
interior of a room which enabled circulation with the open air, it added so that it might become 
concentration (600 ppm, 1200 ppm, 1800 ppm) as shows the ethanol made to evaporate in air in the 
1st table of the following, and 400 degrees C and heat-treatment for 10 minutes were performed. 
[0062] The measurement result of the sheet resistance of the ITO film after heat-treatment is 
collectively shown in the 1st table. In addition, sheet resistance was measured using the four point 
probe method. 
[0063] 
[Table 1] 

m i m 



3-9 J- )\, 

Cp pm) 


I TOR 




(Q/D) 


6 0 0 


1 0 0 


15 0 0 


9 0 0 


1 5 0 


12 0 0 


7 2 0 


2 0 0 


8 0 0 


4 0 0 


2 5 0 


4 0 0 


2.0 0 


3 0 0 


2 0 0 


1 0 0 


12 0 0 


1 0 0 


15 0 0 


7 5 0 


1 5 0 


12 0 0 


6 0 0 


2 0 0 


8 0 0 


3 2 0 


2 5 0 


4 0 0 


1 6 0 


3 0 0 


2 0 0 


8 0 


18 0 0 


1 0 0 


15 0 0 


6 0 0 


1 5 0 


12 0 0 


4 8 0 


2 0 0 


8 0 0 


2 4 0 


2 5 0 


4 0 0 


1 2 0 


3 0 0 


2 0 0 


6 0 



[0064] It turned out that sheet resistance is low after heat-treating any ITO film, and the sheet 
resistance of the ITO film can be adjusted to a desired value by changing and setting up heating 
time etc. suitably whenever [ addition concentration / of ethanol /, and stoving temperature ] so 



10 



8/2/2006 12:07 PM 



2002-133956,A [DETAILED DESCRIPTION] 



http://www4.ipdl.ncipi.go.jp/cgi-biri/tran_web_cgi_ejje 



that clearly from the 1st table. Moreover, the linearity value is less than **2%, and any ITO film after 
heat-treatment was excellent also in homogeneity. 

[0065] With example 2 spatter or the ordinary pressure CVD method (the metal fog method) by 
ultrasonic atomization, various thickness (100-300A) as shown in the 2nd table of the following, and 
the ITO film of sheet resistance (200-2000ohm/**) were formed on the glass substrate. 
[0066] Subsequently, this glass substrate with the ITO film was installed in the heat-treatment 
interior of a room which enabled circulation with the open air, it added so that it might become 
concentration (28 ppm, 140 ppm, 280 ppm) as shows the acetylacetone made to evaporate in air in 
the 2nd table of the following, and 400 degrees C and heat-treatment for 10 minutes were 
performed. 

[0067] The measurement result of the sheet resistance of the ITO film after heat-treatment is 
collectively shown in the 2nd table. In addition, sheet resistance was measured like the example 1. 
[0068] 
[Table 2] 

m 2 m 



(p pm) 


I TOIg 


(Q/Q> 


is— h&fsLtiL 
<«/□) 


2 8 


1 0 0 


15 0 0 


6 0 0 


1 5 0 


12 0 0 


4 8 0 


2 0 0 


8 0 0 


2 4 0 


2 5 0 


4 0 0 


1 2 0 


3 0 0 


2 0 0 


6 0 


1 4 0 


1 0 0 


15 0 0 


4 5 0 


1 5 0 


12 0 0 


3 6 0 


2 0 0 


8 0 0 


2 0 0 


2 5 0 


4 0 0 


1 0 0 


3 0 0 


2 0 0 


5 0 


2 8 0 


1 0 0 


15 0 0 


4 5 0 


1 5 0 


12 0 0 


3 6 0 


2 0 0 


8 0 0 


2 0 0 


2 5 0 


4 0 0 


1 0 0 


3 0 0 


2 0 0 


5 0 



[0069] It turned out that sheet resistance is low after heat-treating any ITO film, and the sheet 
resistance of the ITO film can be adjusted to a desired value by changing and setting up heating 
time etc. suitably whenever [ addition concentration / of an acetylacetone /, and stoving 
temperature ] so that clearly from the 2nd table. Moreover, the linearity value is less than **2%, and 
any ITO film after heat-treatment was excellent also in homogeneity. 
[0070] 

[Effect of the Invention] As explained above, according to the adjustment approach of the sheet 
resistance of the transparence electric conduction film of this invention, the sheet resistance of this 
transparence electric conduction film can be adjusted and set as desired resistance under existence 
of an organic solvent by simple actuation of heat-treating at the temperature to which the pyrolysis 
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of this organic solvent is carried out. Moreover, according to this invention, a linearity value can 
consider as the transparence electric conduction film excellent in less than **2% of homogeneity. 
[0071] By combining the process which forms the transparence electric conduction film, and the 
process heat-treated at the temperature from which this organic solvent raises said transparence 
electric conduction film for a pyrolysis under existence of the organic solvent of predetermined 
concentration according to the formation approach of the transparence electric conduction film of 
this invention The transparence electric conduction film which has the sheet resistance of a request 
of the transparence electric conduction film which has predetermined resistance of efficient and 
very simple and uniform membraneous quality (that is, it excelled in linearity) can be formed. 
Moreover, according to this invention, the transparence electric conduction film of uniform 
membraneous quality (that is, it excelled in the linearity whose linearity value is less than **2%) can 
be formed. 



[Translation done.] 
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#2 0~2 0 0 n mgIt'Mtl.C:i:* ? t^l>. 

[0047] mmwRziiiMnmmvttxmcvtt 
Tt,zta?mm&ftom£<DMf*:&f%.tLxii. m^^^ 
mmmmmmzj: vmbhtK asi o o~s o o 

50 *C. W4L<tS3 00-50 o*c-e$>&. 



(6 

9 

[0048] zoxmizm^&zttf-ez i^mfsat 

mtLXte. MUX. *9;-)V. rnn 

[00491 zix^co^mmmcommRrsmismz. m 
MWk&gi. tnm&mwiz & k> z t vx-z io 

Mitt. mcr>3kft*m-lzLX . J:0^mL^t 

[0050] »i«ei{i. mmmimss. Ltimuztm 
wmmzmmttim. m^mm^mm^Bit^ 
xtommmmzigx L*tft>tom-& c: t tz «t o ff*> 

[005 1] i\mi&8iizm^L>ti&3im®mtfmwmm 

colZ!&Wj:i8&l;XkX'foixti+ttX'b h UK SSfg 1 0 0 20 
-8 0 0-C, £*)fttL<ii, 3 0 0— 5 0 0'C^lcffl 

nmpmmizz^xm.wmigmizmTtzn. zo^-v 

[0052] vxtco* oiztx. m^&wsmmom 
m. mium&vtn&^zm-ggziR-iSifet&zbizx: 

tfX'th. 

[0053] mmt. mwmwm<7)~>- h&ftmzm%. 
<vmi,zmm-t& z t . mz^^iz hffitn;ffl$rB»r 30 
fecomizi&TZ -tt&zt \mmx'$> -otz. itz.mtm 
mx-z tit lx t>mw: ! 3&&*£Bb Ltz o . mm%m 
mjim^-mx'h^ti. 

[0054] *»3ifc: ant . jHHa&flreKSBtsi 

[0055] 40 



#132 0 0 2-1 3 3956 
1 0 

[00 56] ifc. iSH^«JHS:l«iBTlfiJ«L» S^-h 

its&tzfm zttx^h<?>x\ mt: izmmmzm-tz t 

3r<. H«lIS"*t=I5rje4«o^«iiF«*lRrtt:«airr& 

*f »ttr. s— hmmmzmi£<mizim-?& - 1 

■5.. 

[0057] *&mz*ttit* mwmwmz&m-f&JL 
tumm-tzxmb ztizx*).m& 

fc s %-*J»« (EP*>. 'J-7'Jf -(IA>'±2% 

[0058] tt&titm** m&vmittzx. stEcv 
(ju ova-so iz£ o i t ommtmm- h<WZ 
is-i l< mm-th z t tfx-% . wm^n-^-i >±x- 
numm&Trozk&x'Z&tzib. mmm±i>nf^L 

^(KbtC^X^h. 

[ 0 0 5 9 ] & fc. *^^BJ«®S^i«^fc<fc 
[0060] 

[lUfeCT] siwwfcio. ^mtrmzmmizm 
mm i 

4 dV;1/S ) (c J: 0 . Tlfilg 1 mz^rf J: 3 ^a^<0^ 
J? ( 1 0 0-3 0 0A)Xl^y-hMi (20 0—2 
OOOQ/D) <DITO]&£;OXg«LLKfi£ffi?L*:. 

[ o o 6 1 ] &vvc\ ^Svt^xifs^^rsgfc u^in^a 
fmftuzzcoiTomtttfvxmmzimt. ssm+T- 

*fcx ^ y -)V Sr , TIS^ 1 mzir?t X 3 ^iSJK 
(600ppm, 1200ppm. 1800ppm) C 
^■S «t o IzWtin LX . 4 0 0'C. 1 O^HcoMWlSr 

[0062] APMAaSf^W I TOlOx- HStitfiiOffll 
[0063] 

[*1 ] 



(7) 



1 1 



35 I 



#12 0 0 2-1 3 3956 
1 2 



(p pm) 


I TOM 


(fl/L)) 


Af** * 

(Q/D) 


6 0 0 


1 0 0 


15 0 0 


9 0 0 


1 5 0 


12 0 0 


7 2 0 


2 0 0 


8 0 0 


4 0 0 


2 5 0 


4 0 0 


2 0 0 


3 0 0 


2 0 0 


10 0 


12 0 0 


10 0 


15 0 0 


7 5 0 




1 £• V \> 


BOO 

U v V 


2 0 0 


8 0 0 

O V V 


3 2 0 


2 5 0 


4 0 0 


16 0 


S 0 0 


2 0 0 


8 0 


18 0 0 


1 0 0 


15 0 0 


6 0 0 


1 5 0 


12 0 0 


4 8 0 


2 0 0 


8 0 0 


2 4 0 


2 5 0 


4 0 0 


1 2 0 


3 0 0 


2 0 0 


6 0 



[ O O 6 4 ] §1 1 «*»&9Ik0*3r «k 3 (c. tv$*ft.o I T 

10 0 6 51 mmz 



30 



il ( 1 0 0—3 0 OA) RXfi'-VW.&m ( 2 0 0 — 2* 



* OOOn/D) ^lTOJK£#5x»^t;:j£Jg|U;. 
[0066] &vyc\ ^Wlk <0«^Sr^rtg^ b*rJl« 

aartfcioiTOKftxr5^as«frBaiL. ^*t- 

iSjg ( 28ppm, 140ppm, 280ppm){:^ 

%>&o casm tx , 4 o o -c . io #ra?)2D%Kiii£fg 
[0067] Aamyi&a i tordx- MESoroai 

mmm 1 i: LTSlJgUfc. 
[0068] 
[*2] 



(8) 



2002-1 33956 



1 3 



m 2 



1 4 



\ r Mr x 


I TOflS 

J 1 w /IX 


■fin ftMrfL 58. iftf rn 


tttT jSrb Art, ?W i& /T\ 
V his LJ/ 


2 8 


too 


i s ft n 

1 o U V 


r n n 
D u u 




1 5 0 


1 9 ft ft 

1 o u u 


A ft ft 
SOU 




9 0 0 

u v V 


ft ft ft 

O U 1/ 


9 4 ft 

4 u 




t» o u 


/I ft ft 


ion 




O U VI 


9 ft ft 






1 u u 


i e a n 

1 3 U U 


4 D 0 




1 R ft 


i 9 ft ft 

1 U U 


Q ft A 
J D 0 




9 ft n 

£ 1/ u 


o n n 
o U U 


o n n 
C V V 




2 5 0 


4 ft ft 
*t v u 


1 ft ft 
1 V u 




3 0 0 


2 0 0 


5 0 


2 8 0 


1 0 0 


15 0 0 


4 5 0 




1 5 0 


12 0 0 


3 S 0 




2 0 0 


8 0 0 


2 0 0 




2 5 0 


4 0 0 


1 0 0 




3 0 0 


2 0 0 


5 0 



[0 0 6 9] m2m*t>tyt>fr&£ot,Z. tvffuoiT 

Ur-fffl{i±2%W(*li:toTtJ0. iU-ttKfcftfcfc 
[0070] 



[0071 ] **^JHWWBRtf>»jfefir»t: iiitr. 
30 -WUtCJlllMHW- S ISi: ZMK-Shith ZtizX 



(5i)int.ci.7 mm&%- 

C 2 3 C 16/56 

G 0 6 F 3/033 3 6 0 

mmvm mm m& 
anmm lueb hps 

=f S«rfT^rU£#mf»^12- 8 B*^» 



FI f-73-K(##) 

C 2 3 C 16/56 

G 0 6 F 3/033 3 6 0 H 

F^-A(##) 4K029 BA45 BA47 BA49 BC09 CA01 
CA03 CA05 EA01 GA00 GA01 
4K030 AA11 AA14 BA11 BA42 BA45 

BA47 DA08 DA09 LA01 
5B087 AA00 CC13 CC16 
5G323 BA02 BB03 BB05 BB06 BC03 



